Introduction {#S0001}
============

Traumatic knee injuries constitute one of the most common problems, especially in individuals who take active part in sports activities^([@CIT0001]--[@CIT0011])^. Accounting for 30--70% of all bodily injuries, sport-related knee trauma is very common (boxing, taekwondo, soccer, skiing, basketball)^([@CIT0005],\ [@CIT0007],\ [@CIT0012]--[@CIT0015])^. A growing interest in sports, especially among children and adolescents, results in an increasing incidence of anterior cruciate ligament (ACL) and meniscal injuries. ACL trauma may occur in people at any age, however it appears most common in young individuals, especially males (54%), who show a direct correlation between practicing a sport and experiencing traumatic knee injuries^([@CIT0013],\ [@CIT0016])^. Moreover, studies have shown that the rate of ACL injuries in young female basketball players is 8 times higher than that in males. Other studies found that 55% of ACL injuries in young people are associated with simultaneous meniscal injuries. Bira et al. reported combined ACL and meniscal injuries in 73% of young people with active epiphyseal plates^([@CIT0017])^. Rubin et al. showed concomitant ACL and meniscal damage in 35--78% of the evaluated patients^([@CIT0003],\ [@CIT0018])^. The complexity of injuries to the knee\'s articular capsule, ligaments, and menisci should be emphasized, as mentioned before by O\'Donoghue, who had described a concomitant disruption to the medial collateral ligament, ACL, and the medial meniscus as the "unhappy triad"^([@CIT0019]--[@CIT0022])^.

Magnetic resonance imaging (MRI) is an established imaging study for the evaluation of ACL^([@CIT0023]--[@CIT0032])^.

For many years ultrasonography has also been used in the diagnostics of ACL injuries^([@CIT0023],\ [@CIT0025],\ [@CIT0028],\ [@CIT0029],\ [@CIT0033]--[@CIT0039])^. Some authors generally question the use of ultrasound in diagnosing ligament and meniscal injuries of the knee, claiming that the method is characterized by low specificity and too many false positive findings^([@CIT0006],\ [@CIT0040])^. Conversely, others report the method\'s high effectiveness (of 78% or more) in diagnosing traumatic soft tissue injuries of the knee joint, including ACL damage^([@CIT0039],\ [@CIT0041],\ [@CIT0042])^.

Nonetheless, a direct sonographic evaluation of the ACL structure is sometimes difficult or even impossible^([@CIT0032],\ [@CIT0035],\ [@CIT0036])^. Ultrasound images obtained from the anterior view of the knee with the joint flexed to up to approximately 90 degrees, typically help in good visualization of only a fragment of this ligament in the area of its distal insertion ([Fig. 1](#F0001){ref-type="fig"}).

![Distal part of the anterior cruciate ligament -- an anterior view](JoU-2016-0029-g001){#F0001}

A dynamic examination of the knee joint, i.e. the ultrasoundguided anterior drawer test, can also be challenging, especially in fresh injuries accompanied by increased muscle tension that can mask the signs of ACL insufficiency^([@CIT0021],\ [@CIT0043])^.

An ultrasound-based test for anterior knee instability developed by Grzelak et al. is a diagnostic method worth noting^([@CIT0029])^. This is a modified anterior drawer test, in which the patient sits at the edge of the examination bed with a bolster of approximately 20 cm in diameter inserted underneath the distal part of his or her thigh, causing the limb to hang loosely. An ultrasound transducer is then placed longitudinally, parallel to the patellar ligament. After identifying the anatomic landmarks (the intercondylar eminence, tibial tuberosity, and patellar ligament), the ultrasound technician exerts progressively increasing pressure onto the patient\'s hanging leg. The patient\'s knee joint bends creating a leverage, which results in anterior shifting of the intercondylar eminence with respect to the patellar ligament. Grzelak et al. claimed that the difference in the distance by which the intercondylar eminence shifts anteriorly with respect to the patellar ligament in the affected limb and the corresponding distance in the other (healthy) limb indicates a total ACL tear, which has been confirmed via arthroscopy^([@CIT0029])^.

An ultrasound examination of the ACL from the posterior aspect of the knee (the popliteal fossa) can typically visualize the majority of the ligament (at least its proximal twothirds), however, this requires extensive experience of the ultrasonographist. If good quality images are difficult to obtain with a linear transducer, the ACL can be assessed with a convex array transducer ([Fig. 2](#F0002){ref-type="fig"} and [Fig. 3](#F0003){ref-type="fig"}).

![The anterior cruciate ligament -- a posterior view](JoU-2016-0029-g002){#F0002}

![The transducer orientation needed for a posterior visualization of the anterior cruciate ligament](JoU-2016-0029-g003){#F0003}

A number of investigators performing knee ultrasound examinations and preparing relevant reports have considered PCL shape (course) change as an important indicator of ACL insufficiency^([@CIT0032],\ [@CIT0034],\ [@CIT0035],\ [@CIT0044])^ ([Fig. 4](#F0004){ref-type="fig"}).

![The posterior cruciate ligament viewed posteriorly](JoU-2016-0029-g004){#F0004}

Method {#S0002}
======

An ultrasound examination of the posterior cruciate ligament (PCL) is typically conducted in a patient lying prone ([Fig. 5](#F0005){ref-type="fig"} and [Fig. 6](#F0006){ref-type="fig"}).

![An ultrasonographic image of the posterior cruciate ligament](JoU-2016-0029-g005){#F0005}

![The orientation of a convex array transducer for examining the posterior cruciate ligament](JoU-2016-0029-g006){#F0006}

This limits the possible masking effects of muscle tension on anterior knee instability. ACL insufficiency in a prone patient results in a slight anterior subluxation of the proximal tibia, which leads to a lowered tension in the PCL. As PCL relaxes, it forms a posteriorly convex arch^([@CIT0034],\ [@CIT0035],\ [@CIT0044])^.

A comparison between the knee joint with a suspected ACL injury and the other (healthy) joint allows the technician to evaluate the shape (course) of the PCL as an indirect sign of ACL insufficiency (anterior tibial subluxation). However, such an assessment of PCL shape is subjective and depends on ultrasound transducer placement^([@CIT0034],\ [@CIT0035],\ [@CIT0037],\ [@CIT0038],\ [@CIT0044])^.

The effects of slight changes in transducer orientation on the obtained images is greater in the case of convex array transducers, where a minute change in transducer placement often causes a dramatic change in the resulting image. Other challenges may be posed by assessing PCL shape change in mild or bilateral anterior knee instability.

In such cases, we suggest introducing a functional modification involving PCL assessment during a dynamic examination ([Fig. 7](#F0007){ref-type="fig"}). During ultrasound examination, while watching the PCL on the screen, the ultrasonographist is holding the transducer with one hand while trying to displace the proximal tibial epiphysis posteriorly with the other. In cases of anterior knee instability, this maneuver restores normal tension to the lax and posteriorly convex PCL. The resulting change in PCL shape can be clearly seen on the monitor. [Fig. 7](#F0007){ref-type="fig"} shows an image of the same PCL in these two extreme positions during a dynamic examination in a patient with anterior knee instability. The picture on the left shows the PCL showing an excessive posteriorly convex arch in the position of anterior subluxation, while the picture on the right shows a straight course of the PCL following a posterior manual displacement of the proximal tibial epiphysis.

![An ultrasonographic view of the posterior cruciate ligament during a dynamic examination in a patient with anterior knee instability](JoU-2016-0029-g007){#F0007}

Discussion {#S0003}
==========

Although ultrasonography is a method commonly used in orthopedic diagnostics, its capacity for evaluating ACL injuries in anterior knee instability is still insufficient and incomplete. There is a growing need in orthopedic practice for a diagnostic method that would help assess ACL insufficiency in a simple, reliable, and accurate way. This paper presents the possibility of using an ultrasonographic technique in ACL injury diagnostics during a dynamic examination of PCL course in a position that is comfortable for the patient and, at the same time, it eliminates false images that are sometimes produced due to increased muscle tension following an injury. Unlike MRI scans, an ultrasound examination allows a dynamic assessment of the range of motion in the injured joint^([@CIT0028],\ [@CIT0029],\ [@CIT0032],\ [@CIT0034]--[@CIT0039])^.

Several ultrasound-based assessment methods have been suggested. They differed in transducer placement (anteriorly or posteriorly to the knee joint), the source of joint destabilizing forces (gravity or an externally applied force), and the number of persons engaged in the ultrasound examination^([@CIT0027],\ [@CIT0029],\ [@CIT0034],\ [@CIT0035],\ [@CIT0037],\ [@CIT0038],\ [@CIT0044])^.

The PCL shape (course) assessment technique presented here eliminates some of the flaws of previous methods. Although such an assessment, which is typically performed for comparison of both knees as a part of a single examination, requires extensive experience of the ultrasonographist, the extent to which diagnostic inaccuracy (due to such factors as transducer orientation) can be minimized is very high, which translates to increased reliability and repeatability of the presented method. At the same time, due to the patient\'s prone position, the examination may be conducted without the help of an assistant. Moreover, one advantage of the presented method is its adequate diagnostic effectiveness even in the acute injury phase. Additionally, due to its wide-spread use it can become an element of routine imaging in patients with suspected ACL injury.

Conclusion {#S0004}
==========

Although considered to be the "golden mean" in skeletomuscular diagnostics, MRI in most cases is used only for a static examination in patients with anterior tibial subluxation, which is not necessarily synonymous with a functional knee instability. MRI is a relatively expensive diagnostic technique of limited availability. Furthermore, it is contraindicated in many patients (e.g. claustrophobia, the presence of certain metal implants), which often completely excludes the assessment of their knee.

Moreover, suspected ACL injury is required for the patient in order to be referred for an ACL MRI. However, patients may not be seen by an appropriate orthopedic surgeon, i.e. capable of identifying the signs of ACL damage, soon after knee injury. This is due to long waiting lists of patients needing specialist treatment, sometimes requiring 9 months or more of waiting time, which is characteristic for the Polish health care system. Therefore, before they can see a specialist through the state-funded system, patients sometimes seek medical assistance on their own and visit private ultrasonographic laboratories, where they can be offered a quick and accurate diagnosis. An accurate diagnosis is essential for successful treatment.

The functional modification proposed here, involving PCL assessment during a dynamic examination in patients with anterior knee instability, is a quick, non-invasive method helpful in ACL injury diagnosis, even in the acute phase, especially when combined with an assessment of ligament structure via an anterior and posterior view and ultrasound-guided assessment of ACL function in the anterior drawer test. This method is non-invasive, convenient for the patient, and it eliminates the effects of muscle tension on the possible anterior instability as well as significantly reduces the effects of the pain-induced limitation in the range of motion, typically present after an injury, on the feasibility of joint assessment.
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